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Abstract

Haemostasis is the process of blood clot formatibthe site of vessel injury. When a blood
vessel wall is disrupted, the haemostatic respanast be quick, localized, and carefully
regulated. Haemostasis is maintained in the body thiree mechanisms: Vascular spasm
(Damaged blood vessels constrict),Platelet plugmédion(Platelets adhere to damaged
endothelium to form platelet plug i.e,primary Haetasis) and then degranulate and Blood
coagulation (Clots form upon the conversion of ifibgen to fibrin, and its addition to the
platelet plug i.e,secondary Haemostasis). Varideggssinvolved are: The first step is immediate
constriction of damaged vessels caused by vasoain& paracrine released by the
endothelium. Vasoconstriction temporarily decreddesd flow and pressure within the vessel.
When you put pressure on a bleeding wound, youddscease flow within the damaged vessel.
Vasoconstriction is rapidly followed by the secastdp, mechanical blockage of the hole by a
platelet plug. The plug forms as platelets stickite exposed collagen (platelet adhesion) and
become activated, releasing cytokines into the areand the injury. Platelet factors reinforce
local vasoconstriction and activate more plateletsich stick to one another (platelet
aggregation) to form a loose platelet plug. Sirmétausly, exposed collagen and tissue factor (a
protein-phospholipid mixture) initiate the thirdept a series of reactions known as the
coagulation cascade. The cascade is a series yhatiz reactions that ends in the formation of
a fibrin protein fiber mesh that stabilizes thetgliet plug. The reinforced platelet plug is caléed
clot. Some chemical factors involved in the coatoilacascade also promote platelet adhesion
and aggregation in the damaged region.

Keywords. Haemostasis, Platelet, Coagulation, Vasoconstricidrinogen.

Introduction

Haemostasis may be defined as the process thataimairflowing blood in a fluid state and
prevents loss of blood from sites of vascular gisan. This definition implies two major
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components: First, a potent procoagulant mechanigth is capable of forming haemostatic
plugs at sites of vascular disruption, and secaedulatory systems that confine normal
haemostatic plug formation to sites of vascularugison [1]. Active components in this system
include circulating platelets, procoagulant andutatpry plasma protein, and endothelial cells
lining the vascular wall. Normal Haemostasis [Asbmaintained by a delicate balance between
the procoagulant and regulatory sides of Haemastassruption of this balance can lead to
either excessive bleeding or clot formation. Thecpagulant mechanism is normally initiated
vascular damage or disruption. This leads to déposof platelets at the damaged site; the
platelet

Plug [6-14] is then reinforced by a meshwork ofifitstrands. This process is normally halted as
it extends out into areas of the vessel lined bgcinendothelial cells. The formation of the
platelet plug is often referred to as primary Hastasis, while the formation of the fibrin
meshwork is referred to as secondary Haemostalsesniechanisms involved in turning off the
process are called the regulatory systems. ASirtition of clot formation [15-21] to sites of
vascular disruption would suggest, the processegllation is very dependent on intact
endothelial cells.

M ethodol ogy

The procoagulant mechanism is normally initiatedcudar damage or disruption. This leads to
deposition of platelets at the damaged site; thteldt plug is then reinforced by a meshwork of
fibrin strands. This process is normally haltedtasctends out into areas of the vessel lined by
intact endothelial cells. The formation of the plat plug is often referred to as primary
Haemostasis, while the formation of the fibrin mestk is referred to as secondary
Haemostasis. The mechanisms involved in turningtiodf process are called the regulatory
systems. As the limitation of clot formation toesitof vascular disruption would suggest, the
process of regulation is very dependent on irgadbthelial cells.

Primary Haemostasis

Platelet M or phology and Production

Platelets are central components of Haemostasisaandeate cytoplasmic fragments derived
from bone marrow megakaryocytes that are themselesved from the pluripotent
hematopoietic stem cell. At least two stages of akagyocyte progenitors have been
demonstrated by in vitro culture techniques, thestbuforming unit-megakaryocyte and the
colony forming until megakaryocyte. Each of thetes appears to be sensitive to a different
set of cytokines. Maturation of the colony formimgjit megakaryocyte leads to the formation of
recognizable megakaryocytes. Megakaryocytes age leells with multilobated nuclei derived
from a process of endomitosis. Normal megakaryscye usually 8N-32N, but the ploidy
number can vary depending on the rate of plateletlyction and consumptioRlatelets are
formed and released from megakaryocytes by a psaaiesytoplasm fragmentation along lines
of demarcation formed by enfolding of the cytoplasmembrane. Platelet size thus depends on
the size of the zone of demarcation. When platplteduction is increased, the zones of
demarcation are typically larger. This results e increased mean platelet volume (MPV)
characteristic of thrombocytopenia secondary teeiased consumption. The peripheral platelet
count appears to be regulated by the total platekets rather than the platelet count. This is
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reflected in disorders such as Bernard- Souliedsyme and May-Hegglin anomaly, which are
characterized by thrombocytopenia and an increab&RV.

The resting platelet normally has a discoid shthpeis maintained by a circumferential band of
microtubules. The Platelet membrane is physicalig diochemically complex. There are
numerous in folding of the plasma membrane to ftmen surface- connected open canalicular
system. The membrane contains a variety of recgpsome of which are linked to membrane
associated enzyme systems such as phospholipagih@spholipase C, and adenylate cyclase.
Beneath the cytoplasmic membrane there is a sokget that is rich in action and myosin.
These proteins are involved in the shape change cantraction characteristic of platelet
activation.Juxtaposed to the surface- connected open caralisystem is a series of membrane
bound tubules referred to as the dense tubulaesysihe dense tubular system corresponds to
the endoplasmic reticulum of smooth muscle celtsfanctions as a storage site for calcium.

Within the cytoplasm of the platelet are severghoelles, including mitochondria, peroxisomes,
agranules, and dense granules; storage pools obggycare also frequently present in resting
platelets.a Granules contain a variety of proteins, many ofcwhare homologues of plasma
proteins .A long standing questions has been wheathaot such proteins are derived from
passive adsorption by the platelets or active ggithby the megakaryocyte. Evidence to date
suggests that both mechanisms are important. &iatettor 4,3-thromboglobulin, and von
Willebrand factor, are synthesized by the megakaytgo Somen-granule proteins are specific
for the platelet; thus platelet factor 4 agdhromboglobulin can serve as markers of platelet
release. Thrombospondin, a major constituertt gfanules, has a limited tissue distribution and
has been used as a marker of platelet activalioa.platelets dense granules contain a variety
of small organic compounds, including ADP, ATP aaie, and serotonin. Perhaps the most
important component of the dense granules is ADRssential platelet agonist. As circulating
platelets are anucleate, their ability to synthesiew proteins is relatively limited. Thus, orce
platelet has undergone release of its granule ntster inactivation of one or more of its
enzymes (e.g. aspirin effect), it remains functipnanpaired until it is removed from the
circulation

Platelet Responseto Vascular Injury (fig-I)

The typical platelet response to vascular injuny ba divided into three major steps. These are
platelet adhesionthe interaction of platelets with non plateletfaces; platelets activation,
during which platelets undergo shape changeseutete ADP and other granule constituents;
and platelet aggregatignthe interaction of platelets with each othEne adhesion of platelets
to exposed sub endothelial structures is mediatmdlaply by von Willebrand factor (VWF), a
large adhesive protein. Von Willebrand factor isnthgsized by endothelial cells and
megakaryocytes; plasma vVWF is primarily a producemdothelial cell synthesis and release,
whereas plateletn graule VWF is primarily a product of megakaryocgymthesis. In addition,
endothelial cells secrete VWF into the sub end@hetll space so that VWF is present in the sub
endothelial cell matrix itself. All three sourcelsWWF are probably necessary for normal platelet
adhesion
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Fig-1 (Platelet Response to Vascular Injury)
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Current evidence suggests that when vWF interadts sub endothelial components such as
collagen, it undergoes a conformational changep®ixg binding sites for its platelet receptors.
The primary platelet receptor for VWF is glycopimtéB (GP IB). Under conditions of high
shear stress, VWF can also bind to the glyceprotib /llla (GP 1B/ Illa) complex . Von
Willebrand factor is normally synthesized as a pwy consisting of a variable number of
dimeric subunits. The longer polymers (high — molar weight multimers) are capable of
mediating platelet adhesion to sub endothelialcttre, perhaps because the larger forms
maximize surface contact between the platelet amsksel wall. Activation of the platelet
membrane by adhesion or other platelet agoresids| to dynamic metabolic and morphologic
changes in the responding platelet. A number ofbwdic pathways are involved in this platelet
response, among these; the phospholipase C- phmbpinasitol pathway appears to be critical
in initiating the platelet response. Activation iospholipase C by any one of a number of
membrane signals leads to cleavage of phosphataiytol-bisphosphate (PJR resulting in the
release of two critical intracytoplasmic mediataligcylglycerol (DG) and Inositol trisphosphate
(IP3). Inositol trisphosphate causes rapid releasalofuum from its storage sites into the platelet
cytoplasm. The increase in cytoplasm calcium at#svaalmodulin dependent phsophokinases
and leads directly to phosphorylation of myosimtighain. This pathway is essential for platelet
shape change and contraction. Diaylglycerol birm&nd activates protein kinase C. Protein
kinase C then phosphorylates a number of proténtfyding a 45 — kd protein essential for
platelet secretion. In addition, DG can lead tavation of the phospholipase,Adathway.

Activation of phospholipase Aleads to the release of arachidonic acid form mand
phsopholipids, particularly phsophatidylcholine.aghidonic acid can be converted into cyclic
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endoperoxides by cyclo-oxygenase or metabolized2y lipoxygenase. The cyclo-oxygenase
pathway leads to the formation of thromboxang which itself is a potent stimulator of
phospholipase C. Aspirin and other nonsteroidatiaflammatory agents have an antiplatelet
effect because of their ability to inhibit cycloygenase and block formation of thromboxane
A,. The response of the platelet leads to extensiopseiidopodia, secretion of important
mediators and proteins, and ultimately contractbthe haemostatic plug. One of the mediators
released from the dense granules is ADP, a plaglmtist that can further stimulate surrounding
platelets. In addition, it is capable of activatihg GP 1IB/ llla complex to mediate the third can
final stage of the platelet response, platelet egmfion Platelet aggregation is another example
of “molecular gluing”. GP lIb/lla can be cross- ked by a variety of adhesive proteins; the
major protein involved in cross-linking platelets vivo appears to be fibrinogen. Intact
fibrinogen is a dimeric molecule that allows reoigal interaction of its terminal ends (D
domains) with GP IIb / llla receptors on adjacelatglets. Under resting conditions, the GP b/
Ila receptor cannot interact with or bind fibrinogélowever, once a platelet has been activated
or exposed to ADP, fibrinogen can bind to andssf link responding platelets.
Thrombospondin, a major component of platelatgranules, appears to stabilize and augment
the platelet — platelet interaction mediated byifibgen.

Secondary Haemostasis (Fig-11)

Secondary Haemostasis is marked by the converdi@ soluble protein, fibrinogen, into an
insoluble form. Formation of the fibrin meshworksuéis in reinforcement and stabilization of
the platelet plug at the site of vascular dignrptThe process of fibrin clot formation can be
divided into two phases; the first phase consisteronation of the potent procoagulant enzymes
thrombin; the second phase consists of the cororexdi fibrinogen into fibrin with subsequent
polymerization and stabilization.

Fig-II (Secondary Haemostasis)
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Thrombin is formed as a result of multiple enzymateps, which are known collectively as the
coagulation cascade. Most of the enzymatic stepashia formation of an “enzymes activation
complex” composed of an active enzyme, a proenzsubstrate protein, a protein cofactor, and
a phospholipid surface that serves to localize gfecess and concentrate the reactants. The
coagulation cascade can be viewed as the formatiarseries of these activation complexes. As
each enzyme activates many substrate proenzymeh, &divation complex represents an
amplification step. The enzymes of the coagulatiascade are serine proteases; that is they are
enzymes that split specific peptide bonds through formation of unstable bonds with the
reactive serine at the enzyme’s active site. Claéign serine proteases can be divided into two
families, the vitamin K- dependent proteins anddbetact system proteins. The contact system
serine proteases share several characteristics:

(a) The molecular weight of each monomeric ungdgo 85 KD.

(b) They do not require vitamin K for completagyesis.

(c) They are not adsorbed by BaSfd Al (OH)3; and

(d) They are not completely consumed during inovidoagulation of blood. Factor XI is unique
among these serine proteases in that it circutsgesdimmer linked by disulfide bonds, and it is
the only protein of this family that is associatedh a bleeding tendency when the factor is
absent.

The vitamin K — dependent factors are all charastdrby the presence of between nine and 12
y carboxyglutamic acid residues near the amino temend of the protein. Vitamin K is
necessary for the posttranscriptional carboxylatibthese glutamic acid residues, these proteins
do not bind calcium and do not interact with phagdiphd surfaces. These descarboxy forms,
which are found in vitamin K deficiency, oral amtagulant therapy, and liver disease, are thus
ineffective at mediating secondary Haemostasisariih K - dependent proteins are heat stable
and, with the exception of prothrombin, are notirelt consumed during coagulation in vitro.
Some of the proteins (Protein C, protein S, fad¥grand factor x) are characterized by an
additional posttranscriptional modification, thedngxylation of an aspartic acid to forfh
hydroxyaspartic acid. The functional significandelos modification is still uncertain, but may
involve calcium binding by these proteins. Prot8is unique among the vitamin K-dependent
proteins in that it has non enzymatic functionheaf it functions as a cofactor for activated
protein C.

Thrombin For mation (fig- I1I)

There are at least two mechanisms for initiatirrgriibin formation; these have been designated
the intrinsic and extrinsic pathways. Their namesgwé from the fact that all components of the
intrinsic system are found in circulating blood,iletthe extrinsic pathway requires the presence
of tissue factor, a component not normally preserntirculating blood. Recent studies suggest
that the extrinsic pathway is the major physiolagimechanism for initiating the coagulation
cascade; the intrinsic system may be involved thagdagical conditions and may also play a role
in fibrinolysis.

Activation of the intrinsic system occurs wheiactor Xl binds to negatively charged
surfaces, resulting in a conformational changehis molecule and expression of enzymatic
activity.Factor XII a can activate both prekallikreand factor XI; HMW kininogen serves as a
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cofactor for both of these activation or preka#in thus leads to formation of a positive
feedback loop, permitting generation of largergiii@s of factor Xlla in a very short period of
time. Calcium is not required during these init&eps involving vitamin K —independent
proteins.

Factor Xla activates factor 1X in the presenceaticm and phsopholipid surfaces, particularly
activated platelet membranes. This is the only &gepvhich there is no known protein cofactor.
Factor [Xa activates factor X in the presenc®dd, calcium, and phospholipid. Factor VII, as
it circulates in plasma, has minimal procoagulanitvaty; however, limited proteolytic cleavage,
primarily by thrombin, results in the expressionpoftent procoagulant cofactor (not enzymes)
activity. Factor Xa then converts prothrombin afotlbin in the presence of factor V a, calcium
and phsopholipid. Analogous to factor VII, factor riust be activated by thrombin for full
expression of its procoagulant cofactor activity.

The extrinsic pathway begins with exposure of bloodissue factor. In the presence of tissue
factor and calcium, Vlla activates both factor IXdafactor X. Factor Xa then converts
prothrombin to thrombin, as described previouslhec&8ise this step is common to both
pathways, it is often designated the “final comnpathway. The activation of factor IX by VlI-a
tissue factor provides a connection between thingit and extrinsic pathways of coagulation
However, this connection is not evident with theithoe tests of Haemostasism namely, the
prothrombin time (PT) and activated partial thromlastin time (APTT). The lack of
dependence of the PT on factor VII and IX conceiuna is more related to concentration of
tissue factor and phospholipid used in the assay tihe biological importance of this pathway.

Fibrin Formation (fig- I1I)

Thrombin is a potent enzyme that serves several rké3s in Haemostasis. These include
conversion of fibrinogen to fibrin, activation ohdtors V and lll, activation of factor XIll,
activation of protein C, and activation of plateletn addition, thrombin can interact and
stimulate a variety of other cells, including erddial cells. For example, interaction of
thrombin with endothelial cells can lead to fundataéchanges in the surface of the endothelial
cell. Many of these changes increase the procoagwaetivity of the endothelial cell and
promote thrombosis. Critical to these functionstimfombin is the fact that conversion of
prothrombin is accompanied by separation of thenanterminal, phospholipid — binding
portion of the protein form its catalytic (enzyn@tportion. This large fragment is referred to as
prothrombin fragment 1.2 (1) Thus thrombin becomes a soluble enzyme inrashto the
other vitamin K-dependent enzymes , which reqaire phospholipid surface for effective
function .

Fibrinogen is a large dimeric protein having a roalar weight of 340 kd. It is composed of six
peptide chains: two &, B 3 and twoy chains. Each half of the fibrinogen molecule immposed

of one Aa, one B3 and one y chain linked together by extensive disulfide bonkat are
concentrated in the amino and carboxy terminal efle extensive cross — linking gives these
regions of the molecule a globular structure, wiile intervening sequences are arranged in a
long helical structure. The two halves of the fimgen molecule are linked by disulfide bonds
between the amino terminal ends of yhehains.
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Thrombin cleaves a 16-amino acid peptide from thena terminal end of each i chain
(firbinopeptide A). And a 14-amino acid peptide freeach amino terminal end of th3 B
chanins (fibrin peptide B). Loss of these peptiftesn the central domain of the fibrinogen
molecule alters the charge distribution and expbgeting sites for the carboxy terminal ends of
fibrin, known as the D domains. The fibrin monom#ren polymerize in a staggered overlap,
with D domain s interacting with the central E damef the adjacent fibrin monometer. Lateral
association then leads to gelation of the fibrin.

The fibrin gel is stabilized by factor Xllla, whidovalently cross-links fibrin monomers. Factor
Xl is activated by thrombin, but full enzyme ctavity is expressed only after the active
enzymatic subunit ( the ‘a” subunit) separatesnfits carrier molecule ( the “b” subunit), a
process that occurs within the fibrin matrix. FEacXllla covalently links glutamine to lysine

amino acids. The principal sites of cross linkage laetween D domains of adjacent fibrin
monomers and between the carboxy terminal entlseofi chains of distant fibrin monomers.
Covalent cross linkage greatly stabilizes the filmiot and makes it resistant to fibrinolysis.

Fig-III (Clotting system)
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Regulation of Haemostasis

The procoagulant mechanisms described in the prsvsections lead to rapid formation of
haemostatic plug at sites of vascular damage. Umal@nal circumstances, coagulation is limited
to sites of vascular  disruption and is not pigaded throughout the vessel. There are multiple
systems involved in limiting clot formation to st®f vascular disruption. These are known
collectively as the regulatory systems. Knowledgeuw the various systems involved in the
regulation of Haemostasis has grown tremendousigdant years.

Regulation of the Platelet Response in Haemostasis

A number of factors that contribute to the reguolatiof the platelet response have been
identified; most of these components are derfvaoh intact endothelial cells. A major inhibitor
of the platelet response is prostacyclin, whiclHoisned by metabolism of arachidonic acid
through the prostaglandin pathway in endothelia @ascular wall cells. Prostacyclin is a short
— lived, but potent inhibitor of platelet aggréga. It stimulates platelet adenylate cyclase,
which leads to an increase in cytoplasmic cyclicRAMCyclic AMP inhibits the phospholipase C
pathway and the release of calcium form storages.siMore recently a second short lived
metabolite has been found to have profound effatthe platelet response. Endothelial derived
relaxing factor (EDFR) is a potent vasodilataattbauses an increase in platelet cyclic GMP
levels. The increase in cyclic GMP is associateth wihibition of both platelet adhesion and
aggregation. Furthermore, the effect of EDRF amdtacyclin is synergistic; thus, the low basal
levels of these two factors may be sufficient tanimize platelet activation under resting
conditions.

Endothelial cells also release the enzymes ADPagech converts ADP into inactive
metabolites. ADP is essential for exposure of the I/ llla binding sites, which mediate
platelet aggregation. Another barrier to plateletivation is the glycocalyx on the surface of
intact endothelial cells. The glycocalyx has a tiggacharge and tends to repulse platelets under
resting conditions. In addition, intact endothelealls serve as a barrier between circulating
platelets and any sub endothelial VWF. Thus, matatihesion is prevented in areas where the
endothelium remains intact. Under normal circumstanthese components work in concern to
limit platelet activation to sites of endotheliaiption.

Regulation of Fibrin Clot Formation

At least four system have been identified as riavia role in the regulation of fibrin clot
formation .Each of these component mechanisms appede critical for effective regulation

of Haemostasis , and isolated deficiencies aseheomponent a systems have been associated
with clinical manifestations. Each of the compongygtems has a unique effect on the formation
of fibrin clot, as discussed in the following secis.

Tissue Factor Pathway I nhibitor

Tissue factor pathway inhibitor (TFPI) is theoshrecently characterized protein involved in
the regulation of Haemostasis TFPI is a 40 kdtganathat has also been called lipid associated
coagulation inhibitor (LACI) and extrinsic pathwayhibitor (EPI). A portion of circulating
TEPI is present in the lipoprotein fraction, whilee remainder is free in plasma. TEPI is a
Kuntiz- type inhibitor and rapidly combines witte& Xa, inactivating the enzymatic activity for
factor Xa. The TEPI — Xa complex then binds toittesmbrane associated tissue factor — factor
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Vlla complex, inhibiting Vlla enzymatic activity hius, TEPI is responsible for inhibition of the
major physiological initiator of Haemostasis, thetbr Vlla- tissue factor complex.

Serine Protease I nhibitors

The serine protease inhibitors (SERPINS) are prstéiat act as pseudo substrates for specific
enzymes and form covalently linked complexes betwdnee active site serine of the target
enzyme and the susceptible bond in the inhibitbe TSEPRIN family includes a large number
of proteins .Although most of these proteins angabée of inhibiting multiple enzymes, each is
primarily directed toward a few select enzymes.

The major inhibitors involved in the regulationfddrin clot formation are antithrombin 111 (AT
[II) and heparin cofactor Il. At 11l requires hepar like molecules for effective neutralization of
actor Xa and thrombin. Heparin binds to AT llI, lunting a conformational change those results
in exposure of the enzyme neutralizing site. Init@md heparin simultaneously binds to
thrombin and AT llI, resulting in approximation thfe inhibitor to its target enzymes. Relatively
long chain s of heparin is necessary to mediageftimction. In contrast, only the conformational
change is necessary for the inhibition of factor Xecordingly, this step can be accelerated by
both short (low molecular weight) and long hepgsolymers. Endothelial cells are probably
the source of heparin for this reaction in vivo.

Dermatan sulfate appears to be the major amfdor heparin cofactor Il, heparin can
accelerate the activity of this inhibitor , bugth concentrations ( greater than 1.0 U/ml) are
necessary. In contrast to AT Ill, heparin cofa¢tanhibits only thrombi among the coagulation
enzymes. Levels of heparin cofactor 1l are decibase patients with acute consumptive
coagulopathy, suggesting that the inhibitor doesy ph role in the normal regulation of
Haemostasis.

Protein C System (Fig-1V)

The protein C system is necessary for regulatiegniajor cofactors of the coagulation cascade,
factors Va and Vlla. The protein C system involwesltiple protein components and can be
divided into three phases; activation , activitgdaregulation .Activation of protein C occurs
on the surface of intact endothelial cells, whicbexpress thrombomodulin , a membrane
associated protein that functions as a cofactartie activation of protein C by thrombin.
Thrombin binds to thrombomodulin loses its procdagu activity and no longer converts
fibrinogen to fibrin, activates Va or Vlla, actiest XllI, or activates platelets. Thus, binding of
thrombin by endothelial cell surface thrombomodugintself an anticoagulant step. The altered
thrombin, however, readily activates protein Cjtamin K- dependent protein and can still be in
habited by AT III.

Activated protein C (APC) is a proteolytic enzymaieh degrades factors Va and Vllla. This
step requires a phospholipid surface, usually seggby the platelet, and a protein cofactor,
protein S. Protein S is another vitamin K — depabdactor however, it is unique among the
vitamin K- dependent coagulation factors in thas ihot a serine protease. Protein S is produced
by a variety of cells, including hepatocytes, ehébal cells, and megakaryocytes. Thus, protein
S is present within platelet granules and is released in the environment déreing
haemostatic plug, where it is most needed.
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Protein C is inhibited by several SERPINs. The major inhibitors involved in the regulation
of APC appear to be protein C inhibitor, whichdemtical to plasminogen activator inhibitor-3,
and plasminogen activator inhibitor —1. Experimenéxidence suggests that APC has
profibrinolytic activity. This effect appears to belated to competition between APC and tissue
plasminogen activator for these two SERPINs. Inpesence of increases amounts of APC, the
inhibitors are utilized to neutralize APC, leavitigsue plasminogen activator free to activate
plasminogen to plasmin.

Fig-IV (Protein C System)
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Fibrinolytic System

The fibrinolytic system is also a complex multicament system. The major effect or enzyme
of this system is plasmin, which is derived fromspanogen by limited proteolytic cleavage.
Although a number of serine proteases can convisnpnogen to plasmin, the major
physiological activator appears to be tissue plasgen activator (tPA) Urokinase is another
important activator of plasminogen, particularly pathological conditions and within the
genitourinary tract. Tissue plasminogen activatequires fibrin for effective activation of
plasminogen to palsmin; fibrin appears to functiam a cofactor for the activation of
plasminogen by tPA. In contrast, urokinase is @dilactivator of plasminogen and does not
require fibrin as a cofactor.

Plasmin is a potent proteolytic enzyme that degrddwin clots. Under usual circumstances,
plasmin remains bound to the fibrin clot througteraction of lysine binding sites on plasmin
with the fibrin matrix. However, if plasmin breakse of the fibrin clot, it is capable of digesting
fibrinogen, factors V and VII, and platelet memlean glycoproteins. Cleavage of fibrin by
plasmin results in the release of adjacent D dosndirthese regions have been covalently cross-
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linked by factor Xllla, these end products of plasndigestion are known as D dimmers.
Antibodies that are specific for D dimmers have rbeeveloped and can be used to assess
fibrinolysis.

Regulation of the fibrinolytic system occurs onledst to levels. Activation of plasminogen to
plasmin is regulated by the SERPINS plasminogeivaot inhibitor-1 (PAI-1) and protein C
inhibitor. As discussed in the section on proteinti@se inhibitors also inhibit APC, and their
availability for regulation of tPA is dependent tre amount of APC in the environment. The
second level of regulation involves the SERIN- antiplasmin @,-AP). a,-Antiplsamin rapidly
inhibits free plasmin. However, it competes witbriin for the same lysine binding sites on
plasmin. Thus, as long as plasmin is bound to ithrenfclot matrix, it is not inhibited bw,AP
Pathological fibrinolysis can occur because therearmally twice as much plasminogencas
AP on a molar basis. With marked activation of fibeinolytic system, thex,-AP regulatory
mechanism is easily overwhelmed. This is one of kbg pathological changes underlying
disseminated intravascular coagulation.

Summary of the Regulatory System

Numerous components participate in the down reigmabf the haemostatic response. This
coordinated effort is normally successful in limgi haemostatic plug formation to sites of
vascular disruption. A number of hereditary andutegl defects of the regulatory system have
now been described. Alternations that result ie@ehse in the effectiveness of any one of these
regulatory components can lead to increased clobdtion in vivo, giving rise to a thrombotic
tendency.

An Approach to Haemostatic Disor der s[22-25]

There are a number of reasons why the haemostaiers may be evaluated as part of the
clinical management of patient. Common reason deluherapeutic drug monitoring,
presurgical evaluation of haemostais, evaluatioa possible bleeding tendency, evaluation of
a possible thrombotic tendency, evaluation for thessibility of a circulating lupus
anticoagulant, evaluation for the possibility afisseminated intravascular coagulation, and
evaluation for other specific disorders. Theolabory plays a key role in monitoring oral
anticoagulant and heparin therapy. In contrast|aberatory has only a minor role in monitoring
fibrinolytic therapy (e.g. tPA, therapy) or antifget therapy. In general, laboratory parameters
measured during these therapeutic regimens prdittideuseful information, at least currently.

Routine presurgical evaluation of Haemostasis resna controversial topic. Several recent
reports have indicated that routine preoperativehpombin times (PTs) and activated partial
thromboplastin times (APTTs) do not predict thé rid bleeding during surgery. Others have
suggested that routine evaluation of the haemoswtstem may be of use in determining
whether or not the patient has an underlying cagzathy. This controversy highlights the need
to distinguish between a test’s ability to provaleneasure of the risk of bleeding and its ability
to detect an abnormality that may or may not pkagetient in a somewhat higher risk group.
The following sections outline an approach to thalgation of patients with apparent bleeding
or thrombotic disorders.
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Haemostasis is a balanced system with the potenbpgulant mechanisms capable of forming a
haemostatic plug at sites of vascular damage andllggotent regulatory systems capable of
limiting clot formation to such sites .Bleedingtbrombotic disorders can arise whenever this
balance is disturbed. Two mechanisms may lead tonarease in bleeding: a decrease or
abnormality on the procoagulant side or an increasesgulatory activity. Von Willebrand’s
disease and hemophilia A provide examples of tret fnechanism, whereas heparin therapy
provides an example of the second mechanism. |&8lywithrombosis may occur because of
defects in the regulatory system (e.g. antithrombimleficiency) or increased activity on the
procoagulant side, as may occur during the coufsenetastatic carcinoma. As with most
problems in medicine, the clinical evaluation oégh disorders begins with the clinical history
and then moves to the laboratory for identificatibrspecific disorders.

Evaluation of a Potential bleeding Disor der

The clinical history of a patient with a potentidéeding disorder is used to determine whether
the patient truly does have a bleeding problevhether the problem is likely to be congenital
or acquired, and whether the defect is in prym&laemostasis, secondary Haemostasis, or
fibrinolysis. As perceptions of the seriousnessbldeding problems vary significantly from
patient to patient, the clinician must establish ffrequency of bleeding, sites of bleeding, and
severity of bleeding to determine the actual presesf a significant bleeding diathesis. Age of
onset and family history are very helpful in digtinshing between congenital and acquired
disorders, an early age of onset is suggestivecoihgenital bleeding disorder, and where as the
sudden appearance of bleeding in a previously neatult suggests an acquired problem.
Family history can help establish a pattern of¢raission. Some disorders are characterized by
sex- linked recessive inheritance; others are cheniaed by either autosomal dominant or
autosomal recessive inheritance.

The pattern of bleeding is very helpful in consting a differential diagnosis. Mucocutaneous
bleeding, characterized by epistaxis, ecchymosig,genitourinary bleeding, is suggestive of a
platelet disorder. Soft tissue bleeding, includihgmarthrosis, hematomas, and retroperitoneal
bleeding, is more suggestive of a coagulatioorder such as hemophilia A. Delayed
bleeding is a classic manifestation of fibrinalytype bleeding. The clinical history should
include a through medical history to document atmeomedical problems that may predispose
to a bleeding diathesis. In addition, a careful iwegitbn  history, including over the counter
medications, should be obtained. It is helpful émmember that the most common cause of
abnormal platelet function is during therapy, matrly aspirin therapy.

Following the clinical history, routine screenitegts are commonly performed. These include
the platelet count and bleeding time to assesglptafunction and the PT and APTT to assess
fibrin clot formation. Note that these screeningtéedo not assess fibrin stabilization or
fibrinolysis. The bleeding time is a commonly penfied test to assess primary Haemostasis. A
number of techniques for determining the bleedimgethave been described, but the most
commonly performed method is the template bleetimg using a disposable device. Although
this test appears to be simple and straightforwemiymber of technical variables can confound
results. The bleeding time test is usually perfatrnoa the volar surface of the forearm, and
incision is made either perpendicular or paratbethe elbow crease. Those advocating a parallel
incision point to the increased sensitivity to plat defect associated with this type of incision,
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while those advocating a perpendicular incisiompof the diminished scarring with this tube of
incision. It is important that nay one laboratase only one direction for the incision to obtain
consistency in their results. A blood pressure shffuld be applied to the arm, and a constant
pressure of 40 mm Hg maintained throughout the ggtoe. Fluctuation of the venous blood
pressure because of a leaky cuff will cause errasults in the bleeding time. Uniform and
consistent pressure must be applied to the bleddimg device to ensure a uniform incision.
Excessive pressure can result in a deeper cut @ifidia prolongation of the bleeding time,
whereas insufficient pressure may lead to a supartut and an artificially short time. Blotting
is normally performed every 30 seconds and shoalddme in a manner to prevent disruption of
the forming platelet plug. Following the completiohthe bleeding time, the wound should be
closed with a butterfly- type bandage and coverigd a bandage.

The PT and APTT are testes of fibrin clot formatidhe PT evaluates the extrinsic system of
coagulation, beginning with activation of coagwatiby tissue factor — factor VII and is
sensitive to defects in fibrinogen, prothrombingtéa V, factor X, and factor VII. The APTT
evaluates the intrinsic systems of coagulation @ndsensitive to defects in fibrinogen,
prothrombin, factor V, factor x, factor VIII, FactdX, factor Xl, factor XII, prekallikrein, and
HMW kininogen. A number of technical variables @dfect performance of the PT and APTT.
Among these specimen acquisition, sample procesaichoice f reagent are key components.
Care should be taken to obtain a clean venipunsamgple and to anticoagulate it promptly with
an appropriate amount of citrate. The sample shbalgrocessed as soon as possible to yield
platelet- poor plasma. PT and APTT reagents vagnifscantly in their sensitivity and
responsiveness to various haemostatic disordeesefidre, the laboratory should be aware of the
performance characteristics of their reagents drwild carefully construct their own normal
range to distinguish normal from abnormal adeqgyatdbw-a-days Carrier erythrocytes have
been evaluated in thousands of drug administratidtumans Proving safety and efficacy of the
treatmentq26]. Based on the results of the clinical history anceacing laboratory tests, a
limited number of patterns emerge. Platelet dissrdéhe usually characterized by
mucocutaneous bleeding and a long bleeding time/amda low platelet count. In contrast,
coagulation disorders are usually characterizeda dyistory of soft tissue bleeding and an
abnormality of the APTT or PT > Fibrinolytic distars are classically characterized y a history
of delayed bleeding, often following trauma, amamal screening tests of Haemostasis. Based
on these initial results, further evaluation fapecific is order can be undertaken. It is helgdul
keep in mind the relative frequency of congenitabrters associated with bleeding .The three
most common are von Willebrand’s disease, hemiapi#il and hemophilia B.

Evaluation of Potential Thrombotic Tendency

As with the evaluation of bleeding disorders thaleation of a potential thrombotic tendency
begins with a through medical history. One of thienpry goals of the history is to determine the
likelihood of a congenital defect. In this regaitljs important to note the age of onset of
symptoms and any family history of thrombosis. Moshgenital defect is as associated with
onset of symptoms prior to the age of 45, and &meilf/ history for most of these disorders is
also positive. Congenital thrombophilia is usualigsociated with recurrent deep venous
thrombosis but may, on association, be associatigll avterial thrombosis. A completely
medical history must be obtained to determine éf¢his an underlying medical iliness that may
predispose to thrombosis (e.g. metastatic tumotpiramune disorders etc.). A thorough
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medication history is also important particularBfdre prescribing oral contraceptives in  young
women.

There are also screening assays that assess thatoeg system of coagulation or the degree of
activation of the procoagulant mechanisms. Theegfthe laboratory approach to potential
thrombotic disorders involves measuring the indialdcomponents of the regulatory systems. In
general, assays that reflect the biological agtigftthe protein in question should be selected for
use. In practice, such functional assays have bégcult to develop for some components of
the system, notably protein C and protein S. Initemid assays for lupus anticoagulant activity
and anti- phospholipid antibodies may be of usetéMecently, a variety of markers of the level
of activation of the haemostatic system have bemseribed these include such peptides as pro-
thrombin K .Thrombin - anti thrombin complexes, protein C \efion peptide, and
plasminogen—anti plasmin complexes. The usefuloEfisese assays in determining the risk of
thrombosis, however, remains undetermined.
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